The chromosome numbers and karyotypes belonging to populations of Psephellus aucherianus complex were discussed by this paper. The chromosome numbers of all populations were determined as 2n=30. Karyomorphological results indicated that the populations of Ps. aucherianus complex display a broad variation and differ from each other in some aspects. Mainly, the karyotype formula could be evaluated as very specific and discriminative for each taxa, even their populations. Otherwise, the chromosomal indices indicated that all populations had largely symmetrical karyotypes and low chromosomal heterogeneity as a common chromosomal pattern within this complex. As a general result, we can infer that the species of these complex can be clearly characterized and separated according to karyomorphologic features and more importantly, chromosome pattern and rearrangements are very useful and informative to explain theirs evolutionary interactions as well changes.
The genus Psephellus Cass. has about 100 species and is distributed mainly in western Siberia, Turkey, Iran, Caucasus, Ukraine, and Crimea. In Turkey, Psephellus is represented by 37 taxa according to the latest descriptions (Ertuğrul and Uysal 2013) .
This complex includes three endemic species which consist of Ps. aucherianus (DC.) Boiss., Ps. yusufeliensis O. Tugay and Uysal and Ps. sintenisii (Freyn) Ertuğrul and Uysal (spec. and comb. nova) . Chronologically, the species has exposure to some taxonomical regulations and changes until this day. Previously, Centaurea sintenisii Freyn was known as a synonym of Ce. aucheriana DC. in several checklists and current Flora of Turkey (Wagenitz 1975 , IPNI: International Plant Name Index). Following to this, the species was named as a synonym name under Ps. aucherianus (Wagenitz and Helwing 2000) and finally it was revived as a new combined nova with name Ps. sintenisii by Ertuğrul and Uysal (2013) . In spite of all these intense taxonomical and nomenclatural works, the species taking place within this complex were characterized by poorly morphologic features in the last taxonomic and revisional works (Ertuğrul and Uysal 2013) .
The karyomorphologic studies have a big importance understanding the role of evolution and diversification of the taxa and they supply an important assist in the resolution of genetic relationships and differentiation patterns within a species complex (Zhao-Yang et al. 2002, Lodh and Basu 2013) . Therefore, the main aims of this study were to (1) determine the chromosomal relationships and in differentiation patterns among natural populations of Psephellus aucherianus complex and then (2) reveal the certain species or taxa boundaries as based on karyomorphologic data.
Materials and methods
Between 2011 and 2012, samples belonging to populations of Psephellus aucherianus complex were collected from several localities of Turkey (Table 1) .
Mature seeds were selected and periodically germinated for chromosomal analyses. Chromosome counts were made on somatic metaphases using the squash technique. Root meristems from germinating seeds collected in the wild were used. Samples were pretreated with 0.002 M 8-hydroxyquinoline at 4 C for 8 h. The material was fixed with Carnoy for 24 h at low temperatures. Before staining, the material was hydrolysed with 5 N HCl for 1 h at room temperature, stained with 1% aceto-orcein and mounted in 45% acetic acid. Slides were made permanent in Euparal by means of Bowen s method (1956) . At least 10 metaphases were examined per taxa; the best metaphase plates were photographed (100 ) with a digital camera (Olympus DP-72), mounted on an Olympus BX53 microscope.
The chromosome numbers and karyotype parameters were studied in each metaphase plate to characterize populations of Psephellus aucherianus complex. To assess the karyomorphological features of these populations within the complex, we take into accounts the total haploid chromosome length (TCL), the centromeric index (CI), the intrachromosomal asymmetry index (A 1 ), the interchromosomal asymmetry index (A 2 ), the coefficient of variation of the chromosome length (CV CL ), coefficient of variation of the centromeric index (CV CI ), and karyotype asymmetry index (AI). A 1 and A 2 indexes proposed by Romero Zarco (1986) were used. Karyotype asymmetry was also calculated according to the indexes suggested by Paszko (2006) . Ideograms and karyograms of these taxa were made using the KAMERAM analysis system. Chromosome nomenclature followed that proposed by Levan et al. (1964) , with the symbols m and sm designating metacentric and sub metacentric chromosomes, respectively.
Results
The chromosome number and morphology of the taxa studied were described for the first time here (Figs. 1-3) . Our results showed that the basic chromosome number was x=15 in all populations of the studied taxa. The karyotyping analysis revealed the presence of submetacentric and metacentric chromosomes (Table 2) . Moreover, we determined that the populations taking place within Ps. aucherianus complex had both symetrical chromosomes and specific karyotypes own to each taxa. Although all populations of Ps. aucherianus complex had relatively similar karyomorphologies, they display clearly some differences in terms of chromosome size and variation as well as karyotype formulas. The karyotype formula could be evaluated as very specific and fixed for populations of each taxa and, it indicated that the species of Ps. aucherianus complex were clearly separated from each other. The population Dutluca of Ps. aucherianus had the highest total haploid chromosome length (Table 2) . Ps. yusufeliensis (Tortum) had the highest A 1 value (0.23) among all populations of Ps. aucherianus complex, although Ps. sintenisii had the lowest A 1 value (0.16) ( Table 3) .
Psephellus aucherianus (Bağıştaş)
The chromosome number of individuals belonging to Bağıştaş population of Ps. aucherianus was determined as 2n=30 (Fig. 1A) . The total haploid chromosome length was measured as 18.571 µm. The karyotype formula and asymmetry (AI) were determined as 26m+4sm and 2.583, respectively. According to the asymmetry index (AI), individuals of Bağıştaş population have the more asymmetric chromosomes comparing to other populations of the complex (Table 3) .
Psephellus aucherianus (Eriç)
The chromosome number of individuals belonging to Eriç population of Ps. aucherianus was determined as 2n=30 (Fig. 1B) . The total haploid chromosome length (TCL) was measured as 18.672 µm. The karyotype formula and asymmetry (AI) were determined as 26m+4sm and 2.283, respectively.
Psephellus aucherianus (Dutluca)
The chromosome number of individuals belonging to Dutluca population of Ps. aucherianus was determined as 2n=30 (Fig. 1C) . The total haploid chromosome length was measured as 21.121 µm. The karyotype formula and asymmetry (AI) were determined as 26m+4sm and 2.245, respectively.
Psephellus sintenisii (Salihli)
The chromosome number of Ps. sintenisii was determined as 2n=30 (Fig. 1D) . The total haploid chromosome length was measured as 20.549 µm. All chromosome pairs at the mitotic metaphase were metacentric. The asymmetry index (AI) were determined as 1.295, respectively. According to the karyotype indexes, the whole chromosomes of this species is symmetrical.
Psephellus yusufeliensis (Yusufeli)
The chromosome number of individuals belonging to Yusufeli population of Ps. yusufeliensis was determined as 2n=30 (Fig. 1E) . The total haploid chromosome length was measured as 17.472 µm. The karyotype formula and asymmetry (AI) were determined as 28m+2sm 
Psephellus yusufeliensis (Tortum)
The chromosome number of individuals belonging to Tortum population of Ps. yusufeliensis was determined as 2n=30 (Fig. 1F) . The total haploid chromosome length was measured as 19.919 µm. The karyotype formula and asymmetry (AI) were determined as 28m+2sm and 1.386, respectively.
Discussion
More and more attention is paid to comprehensive biosystematics research of species-complexes by plant taxonomists (Zhao-Yang et al. 2002, Lodh and Basu 2013) . For this reason, our paper has concentrated mainly on understanding of chromosomal diversification and the speciation of Psephellus aucherianus complex. As a general finding from our results, we can concluded that there are very important a correlation between morphological differentiation (Ertuğrul and Uysal 2013) and chromosomal diversification within the Psephellus aucherianus complex. The results put some clear differences among the populations of each taxa in terms of their chromosomal evolution, this findings contributed to determine taxonomical limitations of taxa taking place within this complex. Karyological studies of this genus have been restricted to a few studies (Garcia-Jacas et al. 1998, Wagenitz and Hellwig 2000) and some discussions about these investigations are available in the refereed papers (Poddubnaja-Arnoldi 1931, Tonjan 1968 , Kuzmanov and Georgieva 1983 , Guinochet and Foissac 1962 , Inceer et al. 2007 ). Due to all debates, the last studies clarified that Psephellus genus has clearly the basic chromosome (Rostovzeva 1979 , Pulkina 1988 , Ps. phaeopappoides Wagenitz (Garcia-Jacas et al. 1998) , Ps. somcheticus Sosn. (Tonjan 1968) , Ps. pyrrhoblepharus (Boiss.) Wagenitz (Tasar et al. 2014) , Ps. marschallianus (Spreng.) K. Koch (Bancheva 2008) , Centaurea taochia (Sons.) Sons. (Tonian 1980) and Ce. mucronifera (Gömürgen 2006) . Additionally, it is known the presence of some Psephellus species having both polyploid (Inceer et al. 2007 , Gömürgen et al. 2009 ) and B chromosomes, unlike the taxa mentioned throughout this publication (Garcia-Jacas et al. 1998) . Ploidy contributes a having to TCL values that polyploid species have almost two times more comparison to diploids. As a suitable with our results, relatively lower TCL values for diploids, it was reported for Ps. pyrrhoblepharus (26.16 µm) by Tasar et al. (2014) . Contrary to Ce. goeksunensis is a polyploid species of which TCL value is higher (63.19 µm) (Gömürgen et al. 2009 ). When diploid species were compared with poliploids, TCL and genome size display a risen directly proportional to each other. Azizi et al. (2014) suggested that chromosome arm length, total chromosome length and genome size in during species diversification increase in parallel with increases in ploidy level. In this case, our foresight is seen very consistent with previous reports (Olanj et al. 2013) . We estimate that the main reason of chromosomal variation within this complex in terms of chromosome length and TCL values might be sourced from the activity of natural selection and geographical isolation among populations. This situation is correct specifically for Ps. sintenisii. Even though this species is spreading geographically in near of Ps. aucherianus populations, we assume that it is isolated and then differentiate from them by adapting in serpentine rocks by the time. Some specialists confirmed that haploid chromosome length (TCL) had correlated with positively genome size for some members of Asteraceae family (Olanj et al. 2013) . According to the current literature, variation in genome size reflects different climatic conditions, altitude, latitude, temperature or the activity of natural selection and geographically distant among populations (Petrov 2001) . As a connected with this view, the broad variation observed in the karyomorphology may be originated from different microclimatic conditions (like deep valley, a zone remaining a river side) or as mentioned above special habitat types (serpentine or calcareous soil).
Similar information were reported by Koçyiğit and Bona (2013) . They point that Turkish Centaurea L. species had very variable TCL values ranged from 8.07 to 22.16 µm. This broad variation may be related to very different climatic conditions and habitat types of Turkish flora. If needs to make a limited comparison Centaurea and Psephellus taxa in terms of TCL value, Psephellus genus are less variable comparing to Centaurea species in consideration TCL values. Therefore, we can say that chromosomal rearrangements of this genus carried out relatively less comparing to the genus Centaurea.
Karyotype asymmetry was also elucidated by changing of the centromeric position from median to submedian or by way of variations in relative size between individual chromosomes (Stebbins 1971) . We found Levan et al. (1964) , PL-ploidy level; R-range; SC-shortest chromosome length; LC-longest chromosome length; p-mean length of the long short arm; q-mean length of the long arm; CL-mean chromosome length; TCL-Total haploid complement length; CI-mean centromeric index; CF-chromosome formula; m-metacentric; sm-submetacentric. García-Barriuso et al. 2010) . As reported before (Spirito 1998 , Rieseberg 2001 , the chromosomal rearrangements are an important factor in the speciation process.
On the other side, dysploidy which involves structural changes in the genome does not conclude in the loss or gain of genetic information, but that alters the gross chromosome number via chromosome rearrangements (Schubert and Lysak 2011) . Hence, dysploidy might play a role in plant speciation events (De Storme and Mason 2014) . According to the asymmetry index (AI), the populations of Ps. aucherianus having higher AI could be evaluated as fairly balanced within the theirselves and they are seen distinctly differentiated from the populations of Ps. sintenisii and Ps. yusufeliensis. Therefore, AI indicates that Ps. aucherianus and its populations had higher chromosomal variation and rearregements (Stebbins 1971) . On the complementary to this, the results expressed that Ps. sintenisii (Salihli population) has the least intrachromosomal asymmetry (A 1 : 0.168). Consequently, the species could be qualified more poor than the remaining populations in point of chromosomal rearrangements. Because of this reason, the species could be evaluated as the most isolated and least evolved taxa within the complex in terms of karyomorphology. Therefore, it is possible to conclude that the primitive karyotype of Ps. sintenisii would be linked to its separation in very long time ago and isolation from the populations of Ps. aucherianus, as reported before for some species by Konichenko et al. (2014) . We think that these circumstances (lower chromosome rearrangements, and serpentine soil) help us to explain how Ps. sintenisii differs from Ps. aucherianus. We hope that this study can be contributed to the future karyological studies of the genus Psephellus and increased our understanding of diversification and speciation through karyomorphologic studies between taxa.
